To investigate the inhibitory effects of diethyl citrate (Et 2 Cit) on calcification, Et 2 Cit was given to animals (SD rats) of the vascular calcification model. The results showed that Et 2 Cit is safety and non-toxic by intraperitoneal administration. Compared with control group, Et 2 Cit can reduce tail artery pressure and significantly reduce the calcium salt of vascular membrane elastic fibers on aortic Von Kossa staining. Et 2 Cit has anti-vascular calcification effect and has no side effect. This result will help to provide a new research direction and theoretical basis for the prevention and treatment of vascular calcification.
Introduction
Vascular calcification (VC) is attributed to the passive precipitation of calcium phosphate in arterial walls and described as a strictly regulated, active, preventable, and reversible biological process similar to bone formation [1, 2] . Increases in extracellular calcium and phosphate levels stimulate the transition of vascular smooth muscle cells (VSMCs) from a contractile phenotype to an osteochondrogenic phenotype and thus form pro-calcifying matrix vesicles (MVs) that can nucleate hydroxyapatite [3] [4] [5] . In this process, the expression of calcification inhibitors, such as matrix Gla protein (MGP), osteopontin (OPN), and calcium-sensitive receptor (CaSR), is downregulated, whereas the expression of calcification-promoting factors, such as alkaline phosphatase (ALP) and osteocalcin, is upregulated [6, 7] .
VC in patients with cardiovascular disease (CVD) are classified into arterial intima calcification, arterial media calcification (AMC), and calcific uremic arteriolopathy; AMC, which is also known as Mönckeberg's sclerosis, is typically observed in hemodialysis patients [8] . Hyperphosphatemia, hypercalcemia, and high calcium phosphate (Ca × Pi) products are closely related to the occurrence of these calcifications [9, 10] . VC occurs because of the passive precipitation of Ca phosphate and resembles an active process similar to bone formation [11] . Increases in extracellular Ca and phosphate levels stimulate the transdifferentiation of vascular smooth muscle cells (VSMCs) into an osteochondrogenic phenotype, trigger vesicle release, induce apoptosis, and promote further calcification [12] .
Hemodialysis as a kind of extracorporeal circulation technology, need to use proper anticoagulant, to prevent blood clotting in the dialyzator and dialysis pipeline. In the process of dialysis, sodium citrate (Na 3 Cit) not only can bind with calcium ion to form calcium citrate, which is difficult to dissociate, but also can reduce blood calcium. However, it causes the shortcomings of hypocalcaemia, hypematremia and metabolic alkalosis when the calcium ions were reduced.
To improve the disadvantage of Na 3 Cit, we previously designed and synthesized diethyl citrate (Et 2 Cit). In vivo, compared with sodium citrate, diethyl citrate dissociates with calcium more rapidly, the time of anticoagulation is more fit for blood purification, and a low incidence of hypocalcaemia.
We have examined the thermodynamic features, including stoichiometry, stability constant, thermodynamic functions, and anticoagulant properties, of the Ca 2+ complex with Et 2 Cit [13] [14] [15] . Our experimental results have indicated that Et 2 Cit as an anticoagulant can alleviate hypercalcemia, hypernatremia, and metabolic alkalosis in hemodialysis patients. It has been proved that citrate acid can prevent from vessels, pericardium and valvular calcification. So it's worth noting that whether the diethyl citrate plays a role in the prevention and treatment of vascular calcification.
This article was to study the stability and safety of diethyl citrate can provide relevant information about its shelf life and storage environment, we observe the reaction of acute toxicity and learn the effect of diethyl citrate on the prevention and treatment of vascular calcification by animal experiment. To obtain the parameters and classification of acute toxicity, we secondly observe the performance of poisoning, the intensity of toxic effects, death time and number of animals, and clarify the characteristics of the dose-response relationship and drug side-effect. Lastly we observe the effcet of diethyl citrate on vascular calcification. All these researches can provide new research direction and theoretical basis for studying clinical drug of vascular calcification tharapy.
Materials and Methods

Reagents and Apparatus
Mouse aortic smooth muscle cells (MOVAS) were purchased from Shanghai Cell Bank, Chinese Academy of Sciences. Diethyl citrate (Et 2 Cit) was synthesized in our laboratory [13] . It was analyzed by elemental analysis, infrared spectroscopy, mass spectrometric analysis and nuclear magnetic resonance. The purity was determined by thin layer chromatography and acid titration. The mass fraction of Et 2 Cit was 99.27%.
Acute Toxicity Test of Animals
Animal test was processed by a Up-and-Down Procedure. In this procedure, each time an animal was given drug. If this animal survived, the second animal was given a high-level doses. If the first animal died or nearly died, the second animal was given a low-level doses.
Method of drug delivery: An intraperitoneal injection was used for drug delivery. The details are as follow: Seven healthy female mice were chosen, each weighing 18~22 g. All the mice were offered by the medical school animal experiment center of Xi'an Jiaotong University.
The mice were randomly divided into 7 groups and each group one mouse was used. The control group only received physiological saline. The other six groups received varying amounts of Et 2 Cit according to Table 1 , respectively. After injection of Et 2 Cit, each mouse was carefully observed and recorded. Two times for the first day, and then one time every day. This observation continued to the 14 th days. The following content was observed and recorded carefully: the time appearance and disappearance of the toxic effects for each animal, breathing, autonomic activity, and behavior of the central nervous system and so on. The weight of the mice was weighed at 1 week before and after drug administration. All animals should be carried out an autopsy and the abnormal organ should be carried out histopathology.
Potential Treatments of Vascular Calcification in an Animal Model
The experimental SD rats, weighing between 150 g and 180 g, were obtained from the experimental animal center of Peking University Health Science Center and used in the present study. The body weight, tail pulse pressure, cardiac mass, and Von Kossa staining in aorta were measured as the index of calcification in the present study.
The rats were randomly divided into three groups: Group I: control group. Group II (model group), the vascular calcification model was produced by vitamin D3 (300 klU/kg) plus nicotine (25 mg/kg, 5 ml/kg). Group III (experimental group), on the basis of calcification model, the tail vein was injected with Et 2 Cit 5 ml (soluble in 0.9% sodium chloride solution). Treatment was given 6 days per week for 4 weeks.
Results and Discussion
Results of Acute Toxicity Test of Animals
The experimental results for each group are shown in Table 1 . For the control group mouse, no significant adverse effect was observed. Its activity was normal and no mortality. For the mice of medicine groups, when the amount of Et 2 Cit was less than 6.9 g/kg, the activities of mice were not significantly reduced and not death occurred.
When the dose of Et 2 Cit was increased 9.9 g/kg, a reduced activity, ataxia, slow and sluggish and other adverse reactions immediately occurred, but still no animal died. But these side effects can disappear within 1 hour when the amount of the dose ≤ 9.9 g/kg.
There were no significant difference of the weight of mice between the experimental animal and the control group during the experiment. No significant lesions of the body tissues and organs were observed by macroscopic observation at the end of experiment.
According to the standard fixed dose method [2] made by the British Society of Toxicology in 1984 [14] , the results showed that no animal was died, it indicates that the Et 2 Cit without serious risk of acute poisoning (Table 2) . 
Potential Treatments of Vascular Calcification in an Animal Model
Compared with control group, the results showed that Et 2 Cit can reduce tail artery pressure, also can significantly reduce the calcium salt of vascular membrane elastic fibers on aortic Von Kossa staining (Table 3) , and had no obvious influence between body weight and cardiac coefficient in the animal model of the vascular calcification (Table 4) . Vascular calcification experiment: Its impact on rat body weight and hemoglobin, phosphorus, calcium concentration, alkaline phosphatase, etc. which inclusive sodium citrate, iron citrate and diethyl citric: compared with the control group, weight, hemoglobin and alkaline phosphates, calcium, phosphorus concentration did not changed significantly in the group of vascular calcification. (P > 0.05, the difference was not statistically significant). Compared with model group body weight, hemoglobin and alkaline phosphates, calcium, phosphorus concentration did not changed significantly in the remaining groups during the four weeks. (P > 0.05, the difference was not statistically significant).
Von Kossa staining results showed that all the sodium citrate, ferric citrate and Et 2 Cit groups have the role of anti-vascular calcification (Figure 1 ).
Conclusions
Et 2 Cit has anti-vascular calcification effect and has no side effect. It is safety and non-toxic. This result provides a new research direction and theoretical basis for the prevention and treatment of vascular calcification.
